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Introduction:  One  percent  of  falls  in  over-75  years  old  cause  hip  fracture  (HF).  Protein-energy  malnutrition
(PEM)  is  associated  with  falls  and  fracture.  PEM  screening  and  perioperative  nutritional  management  are
recommended  by  the  European  Society  of Parenteral  and  Enteral  Nutrition,  yet data  on nutritional  status
in  elderly  HF  patients  are  sparse.  The  Mini  Nutritional  Assessment  (MNA)  score  is presently  the  most
effective  screening  tool  for  PEM  in over-75  years  old.
Objective: The  principal  objective  of the  present  study  was to  determine  the  prevalence  on  MNA  of  PEM
in patients  aged over  75  years  admitted  for  HF.  Secondary  objectives  were  to  identify  factors  associated
with  PEM  and  its role as a  factor  of  evolution.
Materials  and methods:  A prospective  observational  epidemiological  study  included  50  patients  aged  over
75 years  admitted  for HF in an  8-bed  orthopedic  surgery  department  with  a  geriatric  follow-up  unit.  PEM
was  deﬁned  by  MNA  < 17/30.  Assessment  systematically  comprised  associated  comorbidity  (Cumulative
Illness  Rating  Scale-Geriatric  [CIRS-G]),  cognitive  status  on  the Mini  Mental  State  Examination  (MMSE),
functional  status  on  activities  of daily  life  (ADL),  and  mean  hospital  stay  (MHS).  Scores  were  compared
on  quantitative  tests  (Student  t) with  the  signiﬁcance  threshold  set  at  P <  0.05.
Results:  Mean  age  for the 50  patients  was  86.1  years  (range,  77–94  years).  Prevalence  of PEM  was  28%; a
further  58%  of patients  were at risk  for PEM.  PEM  was  associated  with  elevated  CIRS-G  (P  < 0.006),  greater
numbers  of  severe  comorbidities  (P = 0.006),  more  severe  cognitive  disorder  (P = 0.005)  and  functional
dependence  (P = 0.002),  and  8 days’  longer  MHS  (P = 0.012).
Discussion:  The  present  study  conﬁrmed  the high  prevalence  of PEM  in  HF patients  aged  over  75 years,
supporting  longer  hospital  stay. MNA  is a diagnostic  gold  standard,  not  to be replaced  by albuminemia
or  body-mass  index  in this  perioperative  clinical  situation.  Given  the  present  economic  stakes  relating
to  geriatric  trauma  patients’  hospital  stay,  it is essential  to prevent,  diagnose  and  treat  PEM in  elderly
subjects.
Level  of evidence:  Level  IV; prospective  cohort  study.
©  2014  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
Population forecasts for France suggest rapid increase in the
umber of over-75 years old, who may  constitute 16% of the pop-
lation as a whole by 2050 [1]. Fifty percent of over-80 year-olds
iving at home sustain at least one fall per year [2]. Ten percent of
alls in over-75 years old lead to fracture or hospital admission [3].
ip fracture (HF) is one of the most severe complications of falls in
he elderly, exacerbating dependence [4]; postoperative morbidity
nd mortality are elevated, with 9% mortality in the ﬁrst month
∗ Corresponding author.
E-mail address: SDrevet@chu-grenoble.fr (S. Drevet).
http://dx.doi.org/10.1016/j.otsr.2014.05.003
877-0568/© 2014 Elsevier Masson SAS. All rights reserved.and more than 30% within the ﬁrst year [5,6]. Annual health costs
occasioned by falls in the elderly are estimated at D1,034 m [7].
Protein-energy malnutrition (PEM) contributes to the occur-
rence of falls and fractures. Sarcopenia is a risk factor for falls,
with an odds ratio of 4.4 (95% CI, 1.5–10.3) [2]. Nutritional status
in elderly fracture patients deteriorates during hospital stay [8]: it
is a dynamic entity. PEM is a factor of poor functional prognosis in
hip surgery patients [9].
The Mini Nutritional Assessment (MNA) (Appendix 1) is a recent
instrument for diagnosis and follow-up of PEM in elderly subjects
[10]. PEM screening and perioperative nutritional treatment are
recommended by scientiﬁc societies such as the European Society
of Parenteral and Enteral Nutrition (ESPEN) [11], but there are as yet
scant data on the nutritional status of elderly HF hospital patients in
6 logy: Surgery & Research 100 (2014) 669–674
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Table 1
Population characteristics.
Demographic data
Patient age (years) 86.1 ± 4.4
Gender
Female 35 (70%)
Male 15 (30%)
Residence
Home 37 (74%)
Hostel 4 (8%)
Nursing home 9 (18%)
MHS (days) 15.8 ± 11.0
Discharge (n = 48)
Rehabilitation 40 (80%)
Home 9 (18%)
Cardiac intensive care 1 (2%)
Geriatric data
CIRS-G 19.7 ± 5.6
Total number of comorbidities 9 ± 2.1
Number of severe and very severe comorbidities 3.8 ± 1.7
MMSE  17.7 ± 7.3
ADL at D -15 4.6 ± 1.5
ADL  at discharge 2.6 ± 1.3
Functional deterioration in ADL 2.1 ± 1.2
Orthopedic data
Type of fracture
Cervical fracture 20 (40%)
Trochanteric 17 (34%)
Periprosthetic 6 (12%)
Trochanteric-diaphyseal 4 (8%)
On nail 2 (4%)
Basicervical 1 (2%)
Associated fractures
Upper limb 8 (16%)
Face 4 (8%)
Rib 1 (2%)
Time to surgery (n = 47) (hours) 67.1 ± 57.6
Type of surgery (n = 47)
THR 13 (26%)
PHR  12 (24%)
Nail  20 (40%)
Plate 2 (4%)
History of fracture
Hip 15 (30%)
Other 11 (22%)
Total 26 (52%)
Nutritional data
MNA 18.6 ± 5
BMI  (kg/m2) 22.6 ± 4.3
Albuminemia (n = 49) (g/L) 26.7 ± 3.6
CRP (n = 48) (mg/L) 81.4 ± 71.3
Vitamin D (n = 48) (nmol/L) 45.8 ± 27.9
MHS: mean hospital stay; CIRS-G: Cumulative illness rating scale-Geriatric; MMSE:
mini  mental state examination; ADL: activities of daily living; THR: total hip replace-
ment; PHR: partial hip replacement; MNA: Mini nutritional assessment; BMI: Body
severe and very severe comorbidity (P = 0.006). The non-PEM group
showed higher MMSE  scores (P = 0.005). Functional status was
poorer in PEM (P = 0.002) (Table 3).
Table 2
Types of fracture and treatment.
Prosthesis Nail Plate Abstention
Cervical (n = 20) 20 – – –
Trochanteric (n = 17) – 16 – 1
Periprosthetic (n = 6) 3 – 1 270 S. Drevet et al. / Orthopaedics & Traumato
rance. Early detection and management of PEM are nevertheless
ssential to reducing postoperative morbidity and mortality [5].
The principal objective of the present study was  to assess PEM
revalence in over-75 years old HF hospital patients. The secondary
bjectives were to study factors associated with PEM and its role
s a factor of evolution.
. Material and methods
A single-center prospective observational study recruited
atients aged over 75 years, admitted for HF to an 8-bed geri-
tric orthopedic unit within the University Hospital Orthopedic
nd Traumatologic Surgery Department of Grenoble (France). Data
ere collected between May  and September 2012. The principal
ssessment criterion was MNA  score < 17/30.
Inclusion criteria were: age ≥ 75 years, admission to the Greno-
le geriatric orthopedic unit, and HF. Fractures sustained in road
ccidents were excluded. For logistic reasons, 143 of the 211 over-
5 years old admitted to the Orthopedic Surgery Department were
anaged in classical units and 68 in the geriatric orthopedic unit;
hese two groups were comparable for age, activities of daily liv-
ng (ADL), instrumental activities of daily living (IADL), mini mental
tate examination (MMSE) and MNA.
Study variables were: demographic (age in years, gender, place
f residence, discharge destination, mean hospital stay [MHS] in
ays), orthopedic (history of fracture, HF type, associated frac-
ure[s], type of surgery, interval between emergency admission and
urgery), and anthropometric (weight in kg, body mass index [BMI]
n kg/m2, complete MNA).
The MNA  is a diagnostic instrument classifying patients in
hree nutritional groups according to ﬁnal score (out of 30 points)
Appendix 1): < 17/30 deﬁnes PEM, 17–23.5 risk of PEM and > 23.5
bsence of PEM. Vitamin D (nmol/L), albuminemia (g/L) and CRP
mg/L) were assayed from postoperative day 6. Geriatric vari-
bles were: mini mental state examination (MMSE) [12] on 30
oints, assessed at discharge, activities of daily living (ADL) [13]
n 6 points assessed at D -15 and at discharge, in-hospital func-
ional deterioration (difference between D -15 and discharge
DL), and comorbidity on the Cumulative Illness Rating Score-
eriatric (CIRS-G) [14] on 60 points. Complications and mortality
ere assessed up to discharge from the orthopedic department:
nemia, confusion, cardiorespiratory pathology (heart failure,
cute coronary syndrome, arrhythmia), venous thromboembolism,
ed-sores, digestive pathology (digestive hemorrhage, fecaloma),
ro-nephrologic pathology (acute renal insufﬁciency, acute urinary
etention), and infection (surgical site infection, pneumonia, chole-
ystitis, oral mycosis).
Data were entered in a Microsoft Excel spreadsheet. Statistical
nalysis used SPSS 15.0 software. PEM prevalence was  calculated on
he basis of MNA  < 17/30. Given the low prevalence of patients free
f PEM, two groups were distinguished: PEM versus non-PEM (free
f or at risk of PEM). Quantitative variables were expressed as mean
nd standard deviation and qualitative variables as number. Analy-
is was univariate, due to small numbers: t-test or non-parametric
ests when intergroup variances were not equal, and Chi2 for qual-
tative variables. The signiﬁcance threshold was set at P < 0.05.
. Results
Fifty of the 68 patients managed in the geriatric orthopedic unit
ad HF, and composed the study sample (Table 1). Table 2 details
ractures and treatments. On MNA, the prevalence of PEM was  28%
nd risk of PEM (median MNA  20/30) 58%, with a minority free of
EM (14%). Mean MNA  score was 18.6/30 (range, 9–27; median,
9.3).mass index; CRP: C-reactive protein; THR: total hip replacement, PHR: partial hip
replacement.
CIRS-G was signiﬁcantly higher in PEM (P < 0.006), as wasTrochanteric-diaphyseal (n = 4) 1 3 – –
On  nail (n = 2) – 1 1 –
Basicervical (n = 1) 1 – – –
Total 25 20 2 3
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Table  3
Factors associated with PEM.
Variables PEM, n = 14 Non-PEM, n = 36 P
Demographic
Age (years) 86.6 ± 4.4 85.9 ± 4.4 0.620
Female gender (n) 11 24 0.545
Residing at home (n) 10 31 0.234
Pathologic
CIRS-G (score/60) 23.2 ± 5.2 18.3 ± 5.3 0.006
Total number of comorbidities 9.7 ± 2.2 8.7 ± 2.0 0.146
Number of severe comorbidities 4.7 ± 1.3 3.4 ± 1.6 0.006
Cognitive
MMSE (score/30) 12.8 ± 7.1 19.6 ± 6.6 0.005
MMSE < 10 (n) 5 3 0.028
MMSE < 20 12 18 0.032
Functional
ADL  at D -15 (score/6) 3.3 ± 1.7 5.1 ± 1.1 0.002
ADL  at D -15 < 3 (n) 6 3 0.009
Nutritional
BMI,  kg/m2 20.9 ± 2.7 23.3 ± 4.6 0.036
Albuminemia, g/L (n = 49) 24.8 ± 3.5 27.5 ± 3.4 0.024
Albuminemia < 30 g/L (n) 12 22 0.132
Albuminemia < 35 g/L 14 35 –
Vitamin D (n = 48) < 75 nmol/L 11 27 0.948
Orthopedic
Type of fracture – – 0.998
History of fracture (n) 6 19 0.530
Associated fractures (n) 3 9 0.791
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Auantitative variables: mean ± standard deviation; qualitative variables: number;
IRS-G: Cumulative illness rating scale-Geriatric; MMSE: mini mental state exami-
ation; ADL: activities of daily living; BMI: Body mass index.
Concerning MNA  as a factor of evolution (Table 4), in-hospital
unctional deterioration was signiﬁcantly greater in the non-PEM
roup (P = 0.006). MHS  was higher in the PEM group: 21.9 days
ersus 13.4 days (P = 0.012).
Correlation analysis showed MNA  to be associated with albu-
inemia and BMI, but with low coefﬁcients of respectively r = 0.158
r2 = 0.024, non-signiﬁcant) and r = 0.45 (r2 = 0.20, P = 0.01).
. Discussion
The present study found that 28% of patients suffered malnu-
rition. These patients had higher comorbidity scores and a greater
ate of severe comorbidity; cognitive impairment and functional
ependence were greater. MHS  was longer, although functional
mpairment was lower. These ﬁndings agree with those of Koren-
akim [15].
Prevalence of PEM varies according to the diagnostic instrument
nd place of residence: 4–10% at home, 15–38% in institution and
able 4
EM as predictive factor of evolution.
Variables PEM, n = 14 Non-PEM, n = 36 P
Medical/surgical
Time to surgery (hours) 73.4 ± 61.4 64.5 ± 56.7 0.646
Total number of complications 3.4 ± 2.6 2.5 ± 1.5 0.311
Severe complications (n) 6 15 0.939
Death (n) 0 2 0.999
Functional
ADL  at discharge (score/6) 2.2 ± 1.3 2.7 ± 1.3 0.251
ADL  at discharge < 3 (n) 10 16 0.094
Functional deterioration in ADL 1.3 ± 1.2 2.43 ± 1.0 0.006
Socioeconomic
MHS (days) 21.9 ± 16.7 13.4 ± 6.7 0.012
Discharge destination – – 0.113
uantitative variables: mean ± standard deviation; qualitative variables: number;
DL: activities of daily living; MHS: mean hospital stay.Surgery & Research 100 (2014) 669–674 671
30–70% in hospital [16,17]. Albuminemia is a non-speciﬁc marker
of nutritional status, being reduced in pathological contexts unre-
lated to nutrition. Assessment of BMI  and weight is delayed by
the difﬁculty of perioperative mobilization. In the perioperative
situation, neither albuminemia nor BMI  are reliable for diagnosis
of PEM. MNA  is the reference instrument, recommended by the
French Health Authority (Haute Autorité de santé [HAS]) [18] and
the ESPEN [11]. With clinical examination as gold standard, the sen-
sitivity and speciﬁcity of MNA  are respectively 96% and 98%. The
complete MNA  includes an item for current weight, but the 6-item
Short Form, using calf circumference instead of BMI, has also been
validated [19].
In HF, observational and interventional studies using MNA
respectively reported PEM prevalence of 8.8–42% [15,20–22] and
3–43.7% [23–25]. Using the complete MNA, the present PEM preva-
lence is in agreement with the literature [15]. The study population
was, however, especially vulnerable nutritionally, with a majority
(58%) at risk of PEM; the median MNA  score for these patients was
closer to the malnutrition threshold than that of patients free of
PEM. The study population accumulated several PEM risk factors:
greater age, and higher rates of multiple pathology and dependence
[16,26]. While other studies excluded patients with cognitive dis-
order [20], mean MMSE  in the present study was 17.7/30. Chronic
pathology, associated with PEM, was  assessed on the CIRS-G, which
only two other studies used [15,27]: the present mean score was
higher, as the scoring system systematically counted bone frac-
ture as severe comorbidity. The MMSE  CIRS-G score gives a heavy
weighting to cognitive disorder, and the present study assessed
patients in the perioperative phase, in which confusion is common.
Unlike in many other studies, prosthetic fractures were counted.
The rate of prosthetic fracture is reported to be 0.8% over 10 years’
follow-up, with time to onset of 4 years [28]. In the present series,
52% of patients had history of fracture, including 30% of HF. History
of HF is associated with a 10% risk of contralateral HF by 5 years
[29,30]; 5% of patients receive treatment for osteoporosis following
a ﬁrst HF [29], compared to 2% in the present series.
PEM is an independent factor of perioperative morbidity and
mortality [31]. The types of complication associated with HF have
been studied [32]; however, the variety of lengths of follow-up in a
population generally prone to multiple pathology makes it impos-
sible to demonstrate differences according to nutritional status.
Two  factors of evolution were associated with PEM. Firstly, MHS
was lengthened by 8 days, although this ﬁnding is not conﬁrmed by
Perez Durillo [21]. To determine the impact of PEM on MHS, mul-
tivariate analysis including other relevant factors, such as severity
of acute complications and access to rehabilitation facilities, would
be necessary.
Secondly, and unexpectedly, in-hospital functional deteriora-
tion was less severe: patients with PEM had lower pre-trauma
functional levels and thus a smaller functional reserve.
Finally, other variables are reported to be associated with PEM:
readmission within 6 months, and mortality at 3 years [15].
5. Study strengths and weaknesses
Although the present series was  functionally and cognitively
comparable to that of a recent study in acute geriatric medicine
[33], the small single-center series with the possible recruitment
bias of a university hospital require caution in interpreting results.
The risk of heterogeneity is especially high in geriatric popula-
tions. However, this was intended as a pilot study, opening up
research perspectives in PEM issues in the population of inter-
est. Finally, multivariate analyses, assessing PEM impact on MHS
independently of confounding variables, were not feasible.
The prospective design made optimal use of the geriatric
database. The principal assessment criterion was MNA  score,
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ecommended by scientiﬁc societies but as yet little used. The
resent over-75 years old population resembled that actually
dmitted in hospitals. Despite the rate of severe comorbidity, pre-
rauma functional status was conserved.
. ConclusionThe present study found a high prevalence of PEM in over-
5 years old HF patients, and seemed to indicate longer MHS  in case
f PEM. Despite clear guidelines, little PEM screening is performed
n surgical departments. Given the economic implications of MHSSurgery & Research 100 (2014) 669–674
in geriatric trauma, the high prevalence of PEM and the associated
increase in MHS, early prevention and treatment are essential. Daily
calorie and protein supplementation should be prescribed as an
easily implemented strategy. Interventional studies will be needed
to assess the medium and long-term impact of perioperative nutri-
tional management in HF.Disclosure of interest
The authors declare that they have no conﬂicts of interest con-
cerning this article.
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ppendix 1. Complete MNA.
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